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1 INTRODUCTION  
 
1.1 General overview  
 
A lot of office buildings are constructed nowadays due to the economic development 
and because of unsatisfactory conditions of the old buildings which not allow using 
them anymore. Most of these new buildings are designed so that they have simple 
shape  (square, rectangular, etc.), open plan of the floors and suspended transparent 
facade systems. Therefore there is the problem of heating of these large areas, because 
the common old way of heating with radiators or convectors hanging on the wall isn’t 
appropriate in this situation – they are difficult to install, don’t look good and don’t 
provide enough heating capacity.  
The most common approach today is to install long in-floor convectors near the glass 
walls. They are easy to install and cheap but has some disadvantages such as the pos-
sibility of radiation asymmetry. The other possible approach is the use of radiant heat-
ing with ceiling panels, but this approach is not so widely applied today for such 
buildings. Radiant panels have some important advantages, for example, they create 
better indoor climate and temperature profiles and require heat transfer medium of a 
lower temperature than convectors, which reduces costs and heat losses from the very 
beginning in the individual heat substation of the building. They also may be used for 
cooling, so you don’t need any additional equipment.  
It is interesting to find out if it is still reasonable to use common approach and to de-
sign heating system with in-floor convectors for office buildings with transparent fa-
cade systems or if new methods and technologies might be more effective and not 
more expensive especially when carefully and  thoughtfully designed. 
 
1.2 Aims 
 
The main aim of this work is to find out which one of two approaches is preferable for 
heating an office building with open plan and transparent facade system. The main 
aim consists of smaller ones. 
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The first one is to find out what are the challenges for engineers in buildings with 
open plan and transparent facade systems, what problems may occur at the design 
stage and what might be the solutions.  
The second one is to study operating principles, advantages and disadvantages of con-
vective and radiant heating and to conclude which one can create better indoor climate 
conditions. 
And the third aim is to compare costs of each type of heating on the basis of research 
model.   
The first part of the paper will give a comparison of two ways of heating, their work-
ing principles, advantages and disadvantages and will tell about problems in the de-
sign of heating for office buildings, for example when calculating heat losses. Also the 
first part will give the theory about transparent facade systems and the theory of calcu-
lations. In the second part there will be described the research object and heating sys-
tem calculations and design will be presented with cost calculations. The last chapter 
gives the analysis of the results and discussion – whether the answers to the research 
questions were found, whether they match the expectations and how these results can 
be implied to the wider context.  
 
1.3 Methods 
 
For achieving the aims there are several methods used in the paper. The first one is to 
observe and research literature background concerning transparent facade systems, 
modern decisions for office spaces, principles of convective and radiant heating and 
their pros and cons.  
 
The second method is to design a simple model of a common building with open plan 
office and transparent facade system and to calculate heat losses and heat gains of that 
building. Then two heating systems will be designed to cover heat losses. 
 
Finally, the costs of these systems will be compared and conclusion about reasonabil-
ity of applying of  both system will be made. 
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2 MODERN SOLUTIONS FOR OFFICE BUILDINGS 
 
2.1 Transparent facade system 
 
During the past few years new technologies have let architects and designers to use 
transparent facade system for many different types of buildings – residential, hotels, 
shopping centers and, of course, office buildings. (Figure 1)  
 
 
 
FIGURE 1.  Moscow International Business Center “Moscow City” 
(mymoscowcity.com) 
 
The building begins with the architect so why do architects like transparent facades so 
much? First of all, architecture takes care of the exterior and beauty of the building, 
and glass facades can create tidy building of almost any shape and show that the own-
er of the building uses the most advanced technologies. /1, p. 14./ It is also a matter of 
human perception, because the view of wisely designed and constructed buildings 
with glass facades reminds us about futuristic predictions of the past and makes us feel 
like the future is already here and we are the part of it.  
 
From the point of technology transparent facade systems help to reduce electrical en-
ergy consumption for illumination as they permit great amount of natural light.  That 
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is why such systems are very commonly used in big office buildings where it is a high 
need of light. These systems also have relatively high airtightness, which reduces heat 
losses through the building envelope.  The system may be designed in such a way that 
ventilation and active heat recuperation may occur in the system. /2./ Such systems 
have good sound- and fire-protection charachteristics as well /3/. And obviously such 
enclosing structures weight much less than brick or concrete and therefore passive 
load on load-bearing structures of the building is reduced.   
 
But there are many arguments still about the use of glass as an enclosing structure, 
especially in cold climates, from the point of energy efficiency of the building. Be-
cause of the high heat transmittance coefficient of the glass the heat losses are in-
creased several times comparing to common wall constructions. Use of energy-
efficient glass and frame materials requires a lot of costs as well as the heating energy 
for covering these losses. /4, 5./ But anyway transparent facade system are becoming 
more and more popular choice for modern commercial and even residential buildings 
and it makes engineers to put all their effort to find new solutions, constructions and 
ways for reducing costs and increasing energy efficiency of such structures /6/.  
 
Transparent facade system is a combination of frame material (aluminum, steel, plas-
tic) and a glazing unit. There are several types of transparent facade systems common-
ly used nowadays. /7./ 
 
• Сolumn-beam or classical facade system – the most common system, easiest to 
install and the cheapest one.  Consists of internal (columns and beams) and ex-
ternal (clamp and cosmetic cover)  aluminium or steel sections between which 
there is a glass or multiple glazing and rubber gasket.  
• Structural system – the most complicated type of facade systems. There is no 
visible cosmetic cover from the outside and glazing is anchored to the building 
with silicon joint sealer 
• Semi-structural system is a combination of classical and structural system 
• Spider system is the most advanced and expensive system nowadays. The 
glass is fixed with stainless steel fittings without frames so it allows creating 
fully glazed facade of any shape. 
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These systems can be seen in Figures 3-5. /6/ 
 
  
 
FIGURE 2.  Column-beam facade system    FIGURE 3.  Structural facade system 
 
FIGURE 4.  Semi-structural facade                  
system FIGURE 5.  Spider facade 
system 
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The column-beam facade system is the most commonly used in construction of new 
office buildings because it is relatively cheap and easy to install and because most of 
the newly constructed buildings have simple shape for which this system is perfect. 
 
Due to Russian standard SP 50.13330.2012. “Thermal performance of the buildings” 
/8/ all enclosing structures should have reduced total thermal transmittance resistance 
R0, 
m2°C
W
 not less than required total thermal transmittance resistance R0req, 
m2°C
W
 which 
depends on degree days Dd, calculated with the formula 1: 
 
                                                 𝐷𝑑 = �𝑡𝑖𝑛 − 𝑡𝑜𝑢𝑡,𝑎𝑣� ∙ 𝑧ℎ𝑝                                           (1) 
where 
𝑡𝑖𝑛, °C – room design indoor air temperature, taken in accordance with the regulation 
SP 118.13330.2012. “Public buildings and works” /9/ 
𝑡𝑜𝑢𝑡,𝑎𝑣, °C – average outdoor air temperature during the heating period for design ar-
ea, taken in accordance with the regulation SP 131.13330.2012.  “Building climatolo-
gy”/10/ 
𝑧ℎ𝑝, days– duration of heating period, days/year, taken in accordance with regulation 
/8./ 
 
According to the table 3 in SP 50.13330.2012. “Thermal performance of the build-
ings” /8/ required thermal resistance for the calculated amount of degree days can be 
found with formula 2: 
 
                                                       𝑅0
𝑟𝑒𝑞 = 𝑎 ∙ 𝐷𝑑 + 𝑏                                                 (2) 
where a and b are coefficients depending on the building type.  
 
For the most of newely constructed buildings with transparent facade systems due to 
reduce heat losses through enclosing structure “warm” aluminium framing and ener-
gy-saving glazing with i-glass or k-glass are chosen.  
 
“Warm” aluminium frame is made of two aluminium sections divided with plastic 
thermal insulating part which is working as a thermal brigde dividing the transparent 
structure into internal “warm” camera and external “cold” camera (Figure 6) /11/. 
 
7 
 
 
 
 
 
 
 
 
 
 
FIGURE 6. Costruction of “warm” aluminium frame /11/ 
 
Such construction increases thermal resistance of the frame and reduces heat losses 
through it. Thermal transmittance resistanse of these frames nowadays is about 0.3-0.5 
m2°C
W
,  some measures like filling the empty space in the frames with some foamable 
polymers may increase the value up to 0.6 m
2°C
W
, but this is expensive and used mostly 
in cold climates.  
  
K-glass and i-glass is a modern technology of low-emissive glass with so-called 
“hard” and “soft” cover of a thin film of metal oxides or silver which highly reduces 
thermal conductivity of the glass and it reflects the heat flows keeping the heating 
energy indoors during the heating period or outdoors during the cooling period. It 
helps to reduce costs for heating and cooling. The side with the film on is always in-
side the multiple glazing unit, but it doesn’t affect the glass properties at all. 
 
The main difference between usual and low-emissive glass is the emission coefficient 
(E) – the ability to reflect long heat waves and to transmit the short ones. The lower is 
E the higher is energy saving properties of the glass. For usual glass E equals to 0.835 
and for k-glass and i-glass it is 0.2 and 0.04 respectively. I-glass is much more expen-
sive choice, but it pays off due to lower costs for heating /12/. 
 
Thermal resistance R0 of  light-transparent facade systems has to be calculated in ac-
cordance with the standard GOST R 54858-2011 “Translucent facade constructions. 
Method for determination of thermal transmittance resistance” /13/ with the formula 
3: 
Plastic insulating 
parts External aluminium 
section 
Internal aluminium 
section 
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                                           R0 =  1αin + Sm+Sb+Sop∑Sm
Rm
+∑
Sb
Rb
+∑
Sop
Rop
+ 1
αext
                                      (3)                                                                                                                                                                                                                                                                                       
where 
αin = 8 W/m2°C, αext= 23 W/m2°C – are coefficients of heat transfer from internal and 
external surfaces respectively, taken in accordance with tables 4 and 6 from /7/ Sm, Sb, Sop (m2) - area of middle and border zones of glazing and opaque parts of 
structure respectively Rm, Rb, Rop (m2°C/W) – thermal transmittance resistance of middle and border zones 
of glazing and opaque parts of structure respectively 
 
2.1.1 Challenges of transparent facades 
 
From the point of HVAC-engineers every element of glazing is a “necessary evil” as it 
is a kind of energy drain in the envelope of the building /6/. That’s why a fully glazed 
facade may seem a nightmare for an HVAC-enginner. Behind the nice exterior there 
are a lot of problems to solve and things to take into account.  
 
Benefits of  transparent facades often create challenges in opposite. Poor design and 
bad choice of glazing construction will lead to big heat losses and extra costs for heat-
ing. In the opposite, if an engineer, trying to reduce heat losses as much as possible, 
chooses too warm construction (4- or 5-pane glazing, warm frame, etc), which is very 
expencive nowadays, the cost savings for heating might be less than extra costs spent 
on the glazing.  
 
Transparent facades increase the amount of natural light to the room which is good for 
well-being of occupants and cost saving of electricity for lightning. But for construc-
tion in the areas with a big amount of sun need for cooling power might be enormous 
with the poor design. “Solar radiation is a very significant additional load, that even 
the very best of reflective and selective glasses cannot completely stop /14/.” So in the 
case of designing a building with transparent facades in such a climate passive meth-
ods of reducing energy demand of the building, such as orientation and shading, have 
to be used. Shading should be designed carefully, taking into account the orientation 
of the facade, elevation and the degree of the sun depending of the time of year /14/. 
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The best option is to use dynamic software to calculate heating and cooling loads for 
different types of glazing and shading in order to choose better variant.   
 
Glass is very appreciated by architects for the possibility to create almost any shape of 
the building, curved facades and so on, but it creates challenges for the industry. For 
example, one of most interesting and discussed projects in Russia nowadays is Lakhta 
Center, the high-rise fully glased building of a unique curved shape. Over 11000 of 
different curved glazing elements is used to enclose the building, which is a unique 
practice for high-rise construction and it was very challenging, time- and resource-
consuming for engineers and manufacturers. /15./ 
 
It can be seen, that nowadays transparent facades is still a challenging field, but prom-
ising. And as it becomes more and more popular and sophisticated it means more 
challenges for engineers in future, but also more researches conducted, new technolo-
gies and approaches developed and simple and natty solutions found.     
 
2.2  Open plan of the office space 
 
The other common thing that architects use for office buildings nowadays is an open 
plan of the office space. It meets the highly increasing requirements of flexibility of 
the office space. This flexibility is a big advantage for investors and developers be-
cause it lets to rent out either the whole floor to one major tenant or to rent out the 
required area for small companies and to design the floor layout accordingly to the 
amount of tenants and to other needs. Open plan is also an attractive decision for 
companies who rent these areas because it allows to reduce rent costs, to place more 
workers on the same area (comparing to the usual offices) and it also has a lot of 
communication preferences such as ability to discuss different tasks collectively and 
creation of friendly informal atmosphere, which is important for companies connected 
with creative and teamwork. /16./ 
 
Open plan is popular because of its economical and administrative (workers can be 
controlled easily) benefits, but for workers themselves it is not very pleasant thing. 
They have to work in a noisy surrounding and they are interrupted very often, which 
decreases productivity a lot. But in todays world investors are mostly concerned about 
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economical profit, so it’s hard to imagine that they will start to think about workers’ 
privacy and comfort in near future. So here is also a task to create conditions for oc-
cupants as good as it is possible under these circumstances. And it may be achieved by 
smart choice of HVAC-systems, especially heating system.  
 
2.3 Problems which HVAC-designers have to face  
 
As it can be seen from the information above, modern developing technologies creates 
not only nice exterior of the building but also a lot of problems for engineers to be 
solved when it is needed to create good indoor climate conditions and to achieve good 
levels of energy efficiency. 
 
The main problem, of course, is to design facade system in such a way that U–value 
would be low enough in accordance with the local regulations in order to prevent huge 
heat losses, but at the same time engineer should think about the cost of the system 
and to find compromise between the money spent on the system and the money it 
saves due to it’s higher energy efficiency comparing to other systems.  
 
When it comes to the HVAC-design engineers have to be very careful with calcula-
tions at the early stages of a project. There is a common problem nowadays, at least in 
Russia, when engineers apply modern heating and ventilation systems for a new office 
building, use automation and so on and present great results of energy-efficiency cal-
culation of a building, but during the exploitation occupants may feel overheating and 
need for cooling even if it’s cold outside. V.I. Livchak in his article “Why do office 
buildings overheat and what to do?” /17/ provide an example of a building of Moscow 
City Expert Examination Board constructed in the beginning of XXI century and 
equipped with the modern indoor climate control system and says about the unpleas-
ant heat that he and his co-workers feel even when there is temperature below zero 
outside. The unpleasant feelings lead to the need for cooling system to be turned on 
while the heating system is on the minimum or even turned off. The author wonder 
why in the building constructed specially for the team of building experts such situa-
tion may occur. 
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The reason is that engineers use familiar scheme of heat losses and heat demand cal-
culations and often don’t take into account heat gains from people, electrical and other 
equipment, lightning and solar heat gains through the huge glass area. Sometimes it 
may cause overheating up to two times. The other problem is to set up automation 
regulation so heating is on and off depending on outdoor air temperature, but some-
times heat losses may be compensated with heat gains from inside as well so the au-
tomation should also take that into account. /17,18./ 
 
This may be especially a big problem for buildings in southern regions, where there 
are huge heat gains from the sun during almost the whole year and precise calculations 
and clever design are very important in order to reduce cooling energy needs and 
therefore to reduce costs. Microclimate conditions may change a lot depending on the 
glazed area and it becomes very important to calculate what temperature must be in-
side and how it may be changed during the day. 
 
For the building of such dimensions and type as an office building internal heat gains 
from people, lightning and electrical appliances will have a significant influence on 
the total heat energy demand. Accordingly to the methodology “Heat losses of the 
building” /19/ which combines Russian standards concerning thermal performance of 
the buildings, building type and climate parameters of the construction zone heat in-
puts qint (W/m2) from people, appliances and lightning are calculated with the formu-
la 4: 
 
                                         qint = 90mnp+qtA1nt+10A1nw168A1                                                 (4) 
where 
90 (W/m2) – average specific heat gain from 1 person 
m – number of people in the building (determined in accordance with guidline value 
of 6 m2 per working person in office buildings) 
np, h – average duration of people’s presense in the building during the week 
qt , W/m2  – average specific heat gain from lightning  
nt, h – duration of lights on during the week 
A1,m2  – calculated area, determined in accordance with floor plan 
nw, h – duration of electrical appliances on during the week 
10 (W/m2) – average specific heat gain from electrical appliances 
12 
 
 
Another part of heat gains is solar radiation. In Russian designing practice its influ-
ence is taken into account for the hottest month (July) while designing ventilation sys-
tem of the building and cooling system and while calculating total energy demand of 
the building. The there are no specific requirements for calculating solar heat gains in 
buildings with huge glazing area, although they might influence the total heat power 
demand even during the heating period in winter when there are no much sun, but 
because of large transparent surface these heat gains might be relevant.  
 
The methodology “Heat losses of the building” /19/ provides method of calculating 
the average heat gains, but of course in real life these values fluctuate. They might be 
much bigger during the warm sunny winter day or there might be no heat gains at all 
during unoccupied period. At the beginning and at the end of the heating period 
monthly heat energy gains might be even bigger than heat energy losses. Researches 
made by the authors of the methodology /19/ have shown that for the south-, south-
east (west)- and east (west)-oriented spaces daily heat gains may be bigger than heat 
losses even in January (for Moscow region). 
 
So there are no methods for precise calculations of heat losses and gains depending on 
the period in Russian regulations yet, but these values and the fluctuations might be 
calculated with some kind of dynamic software.  
 
Some researches have shown that it might be a good decision for reducing cooling 
energy needs to maintain the lowest possible temperature in the beginning of working 
day so during the day it will increase because of internal heat gains. And also at the 
end of the day the temperature might be at the highest possible level so it will decrease 
during the night when there are no occupants inside. /20./ So this approach also re-
quires precise calculations and designing of heating system and instructions concern-
ing the maintenance of required temperature level.  
 
It becomes obvious that in the case of a large open space enclosed with glass walls it 
is no longer possible to use usual ways of heating such as wall-mounted radiators. 
HVAC-engineer should think about the possibility of condensation on the inner sur-
face of the glass wall during cold period, about the possibility of draught and how the 
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cold inner surface may influence people who are sitting right next to it. So today’s 
solutions for these problems are the following. 
 
3 HEATING SYSTEMS IN BUILDINGS WITH TRANSPARENT FACADE 
SYSTEMS  
 
The most common decision nowadays is to install in-floor convectors near the glass 
wall around the perimeter of the building /21/. It prevents descending air current and 
protect inner surface of the wall from condensation. This equipment doesn’t require a 
lot of space so it doesn’t occupy useful space of the office area. But it also creates 
uneven temperature distribution when temperature difference of air near the floor and 
near the ceiling may reach several degrees and occupants still may not feel comforta-
ble which makes them to set higher values on thermostats.  
 
The other possibility is radiant heating. Nowadays it is mainly realized in one-family 
houses with big glazing area in a form of in-floor heating and radiant panels (walls or 
ceiling-mounted) and another wide application area is large halls such as sport halls, 
storages and workshops on the factories where big height doesn’t allow using regular 
radiators or convectors. One of the aims of this thesis is to find out whether is it rea-
sonable to use radiant ceiling heating as the main heating system for an office building 
with open plan and transparent facade system. So there is a closer look to the convec-
tive and radiant heating, differences between them, advantages and disadvantages of 
each type.  
 
3.1 Convective and radiant heating  
 
Convective and radiant heating are operating with completely different principles. 
Convection is a heat transfer in gases or liquids when they are mixing up. In natural 
convection bottom layers are heated and go up because they have lower density. 
Meanwhile the upper layers become cooler and go down. These so-called convection 
currents transport the energy around the space. The temperature of the heated air has 
to be higher than desired air temperature because of the low surface temperatures and 
the heat losses on the way of air from the heating equipment to the occupants.  
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Thermal radiation, on the other hand, means that every object which has temperature 
higher than absolute zero (0 K = -273 °C) emits energy in the form of electromagnetic 
waves. Other objects absorb this energy and therefore their temperature increases. The 
amount of emitted heat depends on the emitting area and temperature of the emitter – 
they increase proportionally. Thermal radiation in opposite to convection is directional 
and isn’t affected by properties of medium it goes through and the heat doesn’t dissi-
pate on the way. So the amount of heat emitted is absorbed by furniture, clothes or 
surfaces without any losses on the way. So the temperature of the surfaces and objects 
are comfortable and close to the desired temperature, but air temperature might be 
lower than desired room temperature without creating any unpleasant feelings. It is a 
big benefit for energy efficiency, because the decrease of air temperature by 1 °C de-
creases energy consumption by 7% in average. /22./ 
 
In each heating system occurs both convection and radiation, but the share of each is 
different and depends on the type of heating system and heat emitter which are used. 
For example, panel radiators transfer 70% of heat with convection and 30% with radi-
ation. Convectors transfer almost 100% of the heat with convection. /23./ In radiant 
heating panels about 85% of the heat is transferred with radiation /24/. 
 
3.2 Convective heat emitters  
 
As for heat emitters themselves, they are made as a device open for the flowing air 
with hot heating element. Air in contact with an element is heated and goes up, re-
placed by a portion of cold air (Figure 7).  This is called natural convection. There is 
also a method of forced convection, when a small fan is installed into convector, in-
creasing the velocilty of air flow and air change rate and therefore to heat up the space 
faster, and also being a preventive way to protect heating element from overheating 
and therefore to extent the service live of the heat emitter /27/. 
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FIGURE 7.  Working principle of in-floor convector /23/ 
 
There are several types of convective heat emitters used nowadays. They are divided 
by the installation method and by the source of the energy converted to heat /26/. In-
stallation method: floor-mouted, wall-mounted (incl. ceiling-mounted), in-floor 
mounted. Energy source might be water,  gas, oil or electicity. 
 
For office buildings with big glazed area in-floor convectors with water as a heat 
transfer medium (Figure 8) are the most popular decision because of possibility to 
install them in any part of the room and because of the high heat output comparing to 
e.g. wall-mounted convectors. Also the possibility of forced convection may be a ben-
efit.  
 
 
 
FIGURE 8.  In-floor convector installed in an office building /21/ 
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But there are still many disadvantages of convectors. Besides uneven temperature dis-
tribution already mentioned above there are also a possibility of radiation asymmetry. 
Convective heating is a slow process because of low thermal conductivity of air so 
surfaces may not be warm enough. Low surface temperature leads to lower mean 
room temperature, therefore energy consumption for heating increases because we 
need to maintain certain temperature in the room. Room air might be too hot and dry 
and cause unpleasant feelings for occupants. Also occupants may feel draught because 
of constant air movement. Another problem is the dust on convectors. Because the 
equipment is open to the moving air the air brings the dust which is then burnt on the 
hot suface of the pipe and moved to the room air, settling on the walls, floor, furniture 
and inhaled by people. /27./ 
 
3.3 Radiant heat emitters  
 
Radiant heat emitters emit energy in infrared diapason. The length of infrared waves is 
between 0.77 and 340 μm. Depending on the wave length and the emitting surface 
temperature radiant heat emitters are divided into 3 groups: /28./ 
 
• Long-wavelenght or low-temperature emitter (wave length is between 100 and 
340 μm, surface temperature is between 45 and 300 °C) – water-based radiant 
panels     
• Medium-wavelength  or medium-temperature “dark” emitters (wave length is 
between 15 and 100 μm, surface temperature is between 300 and 750 °C) – 
emitting tubes with hot air or gas  
• Short-wavelength  or low-temperature “light” emitters (wave length is between 
0.77 and 15 μm, surface temperature is 750 °C and higher)  - gas heaters with 
open flame 
 
The radiant heating system may be air-, water- or electricity-based.  Air-based systems 
are not very effective as a primary heating system because of the low specific heat 
capacity of the air comparing to water (Cp air = 1.005 kJ/kg K, Cp water = 4.2 kJ/kg K). 
As for the electrical systems, they are more effectively used as an additional system 
for heating of thick concrete floors because of  the high heat capacity of the concrete. 
/24./ 
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For residential and commercial construction use of the water-based radiant heating 
system is the good choice because, first of all, these buildings are connected to district 
water heating and, second of all, the use of water as heat transfer medium is more en-
ergy and economically efficient than use of air.  
 
The construction of radiant heating panel with heat transfer medium water can be seen 
in Figure 9. 
 
 
FIGURE 9. Construction of radiant heating panel /29/ 
1- tube with flowing heat transfer medium 
2- heat transfer medium – water (t=40…110 °C) 
3- tight connection between tube and radiation surface 
4- radiation surface 
5- thermal insulation material to block the upward heat flow 
6- infrared radiation heat transfer 
7- convective heat transfer 
8- conductive heat transfer  
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The main benefits of radiant panel heating comparing with convective heating are the 
following: 
 
• It creates better thermal comfort for occupants because it heats up not the air 
but the objects directly 
• The use of thermostats is more effective for radiant heating panels as they may 
work only part of the time in the consumption mode because of the bigger heat 
transfer area and short reaction time. The panel gets warm quickly and heats 
up the objects in the room quickly, and if the heating is set off after that the 
room temperature will be kept on the desired level for a relatively long time 
because of the heat stored in the objects /29/ 
• The system works silently 
• It is more hygienic type of heating and better for indoor air quality because it 
doesn’t create air flows which may carry the dust and harmful particles 
• It is more easy to maintain and regulate and it allows creating zonal heating 
and optimizing room temperature according to the needs (Figure 10)   
 
 
FIGURE 10. Variants of temperature profile optimization with different location 
of heating panels /29/ 
 
Nowadays radiant heating panels is the most  popular choice for buildings with the 
height of the ceiling more than 3.5-4 meters, such as sport halls and industrial build-
ings’ facilities. For office buildings with the storey height 3-4 meters convective heat-
ing is still the most popular choice. But as it can be seen from the information above 
the radiant heating has a lot more advantages comparing to the convective heating. So 
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it might be possible to create comfortable conditions with wise designing of radiant 
heating system, precise calculations and choice of water temperatures and well-
thought-out regulation during the operation time of the system.  
 
In case of the designing the heating system with radiant ceiling panels the total length 
of panels is determined accordingly to the layout. The required specific heat output of  
the panels is determined for one meter of the panel with the formula 5: 
 
                                                     q = Qtot
L
                                                                    (5) 
where Qtot  is the total required heat capacity of the heating system, W  
L – total length of the panels, m 
 
Temperature difference is calculated with the formula 6: 
 
                                                    Δt = tsup+tret
2
− tin                                                 (6) 
where tsup is supply water temperature to the panel, K 
tret is return water temperature, K 
tin-indoor temperature, K. 
 
Then from the table of standard heat output values given by the manufacturer the clos-
est value is chosen.  
 
The other important thing is to check if the irradiation intensity at the top of the head 
doesn’t exceed 35 W/m2. According to /30, p.20/ irradiation intensity is calculated 
with formula 7: 
 
                                                         Is =  Qtot·ηsA                                                         (7) 
 
where Is – irradiation intensity, W/m2  
Qtot – installed power output of radiant strips, W 
 ηs – radiant efficiency, depends on temperature difference and panel width 
A – floor surface area, m2 
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External surfaces temperatures are playing important role in overall perception of in-
door climate. People are mostly sensitive to radiation asymmetry caused by warm 
ceilings and cold walls. In case of a big glazing area problem of cold walls becomes 
the subject of focus. According to international standard ISO EN 7730 difficulties 
may occur with a radiation temperature asymmetry 10 K for walls. On the design 
stage it  might be calculated with the formula 8 /31, p.6/: 
  
                                                     Δtpr = 3.96 · U                                                     (8) 
 
where U is the heat transfer coefficient of the enclosing structure, W/m2K. 
 
For determing the pipes’ price in cost calculations the pipe diameter should be found. 
As there are no hydraulic calculations being made the average diameters are deter-
mined according to the flows. Flow in the heat emitter is calculated with the formula 
9: 
 
                                                     qv =  Qρ·cp·Δt                                                           (9) 
 
where Q – heat capacity of the emitter, kW 
𝜌 = 1 kg/l – density of the heat transfer medium (water) 
Cp = 4.2 kJ/kgK – specific heat capacity of the water 
Δt ,°C – temperature difference between supply and return water temperatures 
 
Pipe diameter is found from the formula 10: 
 
                                                   qv = v · A = v · πd24 , so                                            (10) 
d =  �4 · qvv2  
   
where A – area of the pipe section, m2 
d – pipe diameter, m 
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v – water velocity in the pipe, m/s. For design case value 0.5 m/s is chosen which is 
average – high enough to remove air bubbles from the water and low enough in order 
not to cause noise.  
 
4 RESEARCH OBJECT 
 
4.1 General overview 
 
For the research case the simple model of  6-storey office building with column-beam 
transparent facade system and open plan of the floors was chosen. The building is 
located in Saint-Petersburg. The most common architectural and design decisions are 
used in the model  in order to make possible the application of research results for as 
many as possible of today’s cases. Unique high-rise buildings with special require-
ments need a unique project for each, but for most of the office buildings constructed 
nowadays the same principles can be applied.  
 
As all the floors are supposed to be the same in layout it was decided to pick up one 
typical floor as an object of research. In office buildings first one or two floors are 
usually designed for public catering, trade services, administrative offices and security 
rooms so the heating system there must be designed in an other way than in office 
spaces. From the rest of identical office floors the lowest one will have the bigger heat 
losses because of the bigger amount of infiltration air. Infiltration occurs due to pres-
sure difference between inside and outside of the enclosing structure. This difference 
occurs due to different densities of cold air outside and warm air inside the building 
(gravity pressure) and because of the additional wind pressure. Outside gravity pres-
sure depends on the height and decreases with elevation, inside pressure in calcula-
tions is considered to be the same in all building. Wind pressure depends on the veloc-
ity of the wind and facade’s orientation. Gravity pressure and the pressure difference 
on the same facade but on different heights are different and on the higher floors pres-
sure difference might be even negative, so no infiltration will occur. /19./  So the se-
cond floor of the building was chosen as a research object.    
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4.2 Building characteristics  
 
4.2.1 General 
 
Layout of the research floor is presented in Figure 11.The length of the building with-
in axes 1-8 is 42 meters and within axes A-F is 30 meters. The height between floor 
levels is 4.2 meters, room height is 3.6 meters and it is chosen so that there is a possi-
bility to install suspended ceiling to cover building service lines (electrical wires, ven-
tilation ducts, etc).  
 
4.2.2 Construction 
 
Load-bearing structures of the building are reinforced concrete columns 600x600 mm, 
internal concrete walls with 250 mm thickness working as a stiffening core, internal 
floor slabs (300 mm) and foundation slab 500 mm. Under the foundation slab there 
are undergroung technical floors and parking. Enclosing structures are non-opened 
transparent column-beam facade systems with energy-saving 3-pane plazing. Internal 
walls are made of brick, 120 or 250 mm thickness. Roof is flat and accessible.  
 
 
 
FIGURE 11. Plan of the typical research floor 
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4.2.3 HVAC-systems  
 
Almost all of newly constructed office buildings in Russia have independent heating 
connection scheme which means that internal heating system are connected to district 
heating through individual heating plant (substation) where its temperature or flow 
can be regulated depending on outdoor air temperature. 
 
Domestic hot water system is closed, which means that cold water from the service 
line is also heated up in the substation.  
  
Ventilation system is Constant Air Flow (CAV) system and air flows, air ducts and 
system equipment are designed in accordance with SP 60.13330.2012. “Heating, ven-
tilation and air conditioning” /32./  
 
4.2.4 Characteristics of enclosing structure 
 
Degree days Dd for Saint-Petersburg area were calculated with the formula 1. 
  Dd = (20 − (−1.8)) ∙ 220 = 4796 °С ∙  days 
 
Required thermal resistance of the enclosing structures was calculated with the formu-
la 2. 
 R0req = 0.00005 ∙ 4796 + 0.2 = 0.44 m2°CW  
 
For the research case there was chosen column-beam facade system with “warm” al-
uminium framing and energy-saving 3-pane glazing with i-glass and argon between 
glasses. The average value of frame’s thermal transmittance resistance 0.45 m
2°C
W
  was 
chosen for the case.  
  
Glazing formula is 4-Ar12-4-Ar12-4i, which means that there are 3 panes of 4 mm-
thick glass and between glasses there are 12 mm of space filled with argon. Argon 
prevents the oxidation of silver layer and also decrease the noise level and increase 
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thermal insulation properties because of lower thermal conductivity than air /33/. The 
thermal resistance of the chosen glazing structure is 0.75 m
2°C
W
  /34/. 
 
Construction of the transparent facade structure is shown on the Figure 12. The whole 
area of the part of the structure limited with frame is 2.62 m2. Therefore area of 
opaque part is 0.335 m2. Width of the border zone is about 50 mm and it’s thermal 
resistance is influenced by properties of connection between frame and glasing. There-
fore it is lower than thermal transmittance resistance of the middle zone of glazing. In 
our case it might be taken 0.55 m2°C/W and the area of border part is 0.16 m2. 
 
Thermal resistance R0 of the enclosing structure was calculated in accordance with the 
formula 3 and it equals to 0.774 m2°C/W.  
 
Therefore, R0> R0req, so the construction might be used under design conditions.  
The value R0 = 0.774 m2°C/W corresponds to U-value U=1/ R0 =1/0.774 = 1.29 
W/m2°C 
 
 
FIGURE 12. Costruction of transparent facade structure 
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5 HEAT DEMAND CALCULATIONS  
 
5.1 Heat losses 
 
Heat losses are calculated in accordance with the methodology /19/. According to this 
methodology heat losses of the room are calculated and presented in a table form (ta-
ble 1). 
 
For the research case as we calculate heat losses for one typical not first or last floor 
we only take into account heat losses of open plan office space through facade sys-
tems. Other rooms are in the middle of the building and don’t lose heat through enve-
lope. K-value is the same as U-value. Results of calculations are presented in table 1. 
(Appendix 1). The total heat loss of the floor is 57.3 kW.  
 
5.2 Heat gains 
 
Heat gains qint (W/m2) from people, appliances and lightning are calculated with the 
formula 4. Number of people on the floor is 180 persons,  average duration of peo-
ple’s presense in the building and duration of electrical appliances on during the week 
is 40 hours, average specific heat gain from lightning is 20 W/m2 and duration of 
lights on during the week is 20 hours. Calculated area is 1126.4 m2. 
 
Therefore, qint = 8.18 W/m2. And, multiplied with the area, it gives the value of inter-
nal heat gains 9.22 kW which is 16% of total heat losses. The influence is relevant and 
not taking heat gains into account will lead to extra costs for equipment of bigger heat 
capacity which will be useless as the full capacity won’t be used.   
 
Therefore, the total heat losses value as a basis for designing heating system is Qtot = 
57.3-9.22 = 48.08 kW.  
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6 HEATING SYSTEMS AND COST CALCULATIONS 
 
6.1 General 
 
According to Russian standard /30/ for commercial buildings there are maximum al-
lowed supply temperature in heating system might be 95/105 °C (for one pipe/two 
pipe system). The heating curves for district heating are designed for temperatures 
150/70 °C or 130/70 °C and for local heating systems in the building - 95/70 °C. The-
se values must be kept in the heating system at the time of the lowest designing out-
door temperature (-24 °C for Saint-Petersburg). Building heating system is connected 
to DH with individual heating substation through heat exchangers. The substation al-
lows controlling ang regulating of the supply and return temperatures or flow of heat 
transfer medium in accordance with the outdoor temperature. 
 
Big part of the costs is pipe prices. There are 3 possible materials for underfloor instal-
lation pipes: copper, multilayer, plastic. For the case it was decided to use multilayer 
pipes. The reasons are so that multilayer pipes are cheaper than copper pipes and can 
work in with bigger temperatures than plastic pipes. Also there is no risk of damage 
during the installation in opposite to plastic pipes. Multilayer pipes are in the middle 
of the prices and properties range which makes them popular choice in Russia. 
The pipes used in the design are Uponor MLC pipes. Pipe’s prices are taken from cat-
alogue on Uponor website /35/.  
 
In costs calculations the most updated prices able to find were used. Currency ex-
change rate of Central Bank of Russia valid for January 2017 was used /36/. 
 
6.2 In-floor convectors  
 
According to the principles mentioned above, capacity of heat emitters has to be cho-
sen for tsup/tret = 95/70 °C. But because of the nonconformance between standartized 
values and real cases in Russia and also in order to extend service life of the pipes, 
heating systems are often designed for the lower temperatures. So in the research case 
convectors are being chosen for tsup/tret = 85/60 °C. Pipes are designed to be underfloor 
multilayer pipes and distribution is made with manifold.  
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For the design case it was decided to compare convectors of two manufacturers. The 
first one is very popular among designers Finnish manufacturer Purmo and the other 
one is Russian manufacturer Itermic. All the values of heat capacities, dimensions of 
equipment and prices are obtained from official manufacturers’ websites /37, 38/. 
 
So the first step is to choose number of heat emitters and heat capacity of each one. 
Convectors are placed near the external glass walls between columns. The distance 
between columns’ edges is 5400 mm and for the best indoor climate conditions and 
protection of inner side of the walls convectors have to be as long as possible. So we 
can install either 3 convector of the approximate length 1800 mm or 2 convectors of 
the length 2700 mm between each two columns. Therefore, we need either 72 or 48 
convectors.  The total capacity required is 48.08 kW. The comparison is presented in 
the Table 2.  
 
TABLE 2. Comparison of the prices for heating systems with different types of 
in-floor convectors 
 
 Purmo Itermic 
L, mm 1700 2700 1700 2700 
Type 
FMK26-
1700-14 
FMK29-2700-
11 
ITT.080.1700.300 ITT.090.2700.250 
Needed ca-
pacity, W 
668 1002 668 1002 
Capacity of 
the convec-
tor, W 
660 1003 708 958 
Number of 
convectors 
72 48 72 48 
Total capaci-
ty, W 
47520 48144 50998 45998 
Deviation 
from re-
quired ca-
pacity, % 
-1.2 0.1 6 -4.3 
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Price of the 
convector, € 
487.5 589.8 348 411 
Thermostatic 
valve price, 
€/number 
35/72 35/48 35/72 35/48 
Total price, 
€ 
37620 29992 27576 21408 
 
So as it can be seen from the table, the best option is to choose Itermic convectors 
with the length 2700 mm. The layout of the system is presented in Appendix 2.  
 
For each of the chosen convectors with capacity approximately 1000 W in accordance 
with the formula 9 water flow will be equal to 0.0095 l/s = 9.5·10-6 m3/s. According to 
the design average connection is 4 convectors for one branch, so the total flow for one 
branch is 38·10-6 m3/s.  
 
The minimum average inner pipe diameter for the research case calculated with for-
mula 10 is 17.4 mm. From the tables given by manufacturer choose the next bigger 
diameter – 25х2.5 (din = 20 mm). Price per meter of the pipe is 4.74 €. Total length of 
the pipelines accordingly to the drawing is 715 m . So the total price for piping of such 
system is 3389.1 €. As there is no accurate scheme of the piping is designed, the aver-
age cost of all the bends, fittings and so on may be taken about 40% of the piping 
costs. Therefore the price of piping is 4745 € and the total price of piping and equip-
ment is 26153 € for Itermic. In case of choosing Purmo convectors Aqulio FMK29-
2700-11 the total price of the system will be 34737 €.  
 
6.3 Radiant ceiling panels  
 
In case of creating the system with water-based radiant heating panels zonal approach 
is important. In marginal parts of the building near the envelope cold convective and 
infiltration flows and so-called “cold” radiation influence microclimatic conditions a 
lot so in these zones it is reasonable to install wider panels of bigger capacity than in 
the other parts of the space. /30./ 
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As radiant panels are mostly used nowadays in large spaces of a simple shape such as 
storages, sport halls, etc, the design is also simple and the main part of it is to choose 
number, length and width of the panels and to place them uniformly on the layout. In 
our research case it’s a bit more difficult, because not all the ceiling area is available 
for placing the panels because of the columns grid. Also there is a need for uniform 
heat delivery and more heating capacity to the marginal zones.  
 
For preliminary choice of the panels the whole space, as it is almost symmetrical, can 
be divided into 4 zones with equal heat demand. It was decided to use radiant heating 
panels by Zehnder company as one of the biggest, most well-known and reliable man-
ufacturers of this kind of equipment. Panels chosen for the research case are Zehnder 
Flatline. It is claimed by the manufacturer to be the best decision for office spaces 
with normal height. Panel material is aluminium, pipes are made from copper. Panel 
also can be used for cooling and can be installed into suspended ceiling. 
  
Accordingly to Zender Flatline technical brochure /39/ the number of needed panels is 
determined as: 
 Number of panels =  Room Length
Installation Height +1 
 
For our case if we determine one zone as a room and take the length of its longest side 
as the room length we get 
 Number of panels =  213.5 +  1 = 7 
 
But for uniformity of the system and heat delivery it is better to take even number of 
panels. So we take 6 panels and place them as it is shown in the Appendix 3. 
 
The distance between panels are chosen from consideration of uniform heat delivery 
and in accordance with recommendations developed by official community of Russian 
HVAC-engineers /40/. So, according to the drawing, the combined length of the pan-
els is 288 m, including the length of wider panels in marginal zone – 122.4 m. Re-
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quired specific heat output of the panels is determined with the formula 5 and it equals 
to q = 167 W/m. 
 
This heat output is quite low because of the big total length of the panels, but 
uniformal heat delivery is priority when using radiant heating panels. In the case of 
such low heat output there is no need to use high water temperatures. So instead of 
85/60 °C we may use 60/40 °C. Desired temperature values are achieved by the means 
of control in individual heating substation. Temperature difference is calculated with 
the formula 7 and for the case it equals to 30 K.  
 
From the table of standard heat outputs given by the manufacturer the closest values to 
167 W/m for temperature difference 30 K are 136 W/m with panel of 450 mm width, 
175 W/m for 600 mm width and 209 W/m for 750 mm wide panel. In our case we can 
take 750 mm wide panels in marginal zones and 450 mm panels in other zones. There-
fore, the total heat output of all the panels is  
 
Qtot = 209·122.4 + 136·165.6 = 48103.2 W 
 
Irradiation intensity is calculated with formula 7. In the research case ηs = 0.67. /30, 
p.26./ The value of irradiation intensity is 28.62 W/m2  which is lower than maximum 
allowed value 35 W/m2. 
 
Radiation temperature asymmetry is calculated with the formula 8 and in the research 
case Δtpr = 3.96·1.29 = 5.1 K. That is lower than 10 K, so there might be no unpleas-
ant feeling caused by radiation asymmetry.                          
 
Cost calculations of equipment are presented in table 3 and calculations of average 
pipes diameters and costs are presented in table 4. Prices of equipment are taken from 
/41/. Diameters are calculated in accordance with formulas 10 and 11. Used pipes are 
the same multilayer Uponor pipes as for previous system. Calculations are made for 
half of the system and multiplied with 2 for final results as the system is symmetrical. 
Numbers of panels for table 4 can be seen in Figure 13. 
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TABLE 3. Cost calculation for Zehnder Flatline radiant ceiling panels  
 
Panel width, mm 450 750 
Total panels length, m 165.6 122.4 
Price per meter, € 84.6 130.4 
Total price, € 14010 15961 
 
Also there is a 3-way valve with motor drive for temperature control for each main 
supply pipe going from manifold. Average price of such valves is 200 € /42/, number 
of valves is 6. Total price is 1200 €. 
 
 
FIGURE 13. Panels´ numbers for table 4. 
 
TABLE 4. Calculations of Uponor MLC diameters and prices for system with 
radiant ceiling panels.  
 
Number and 
width of the 
panel, mm 
1,2 
750 
3,4 
450 
5,6 
450 
7 
750 
8 
450 
9 
450 
10 
750 
11 
450 
12 
450 
Panels’ 
length, m 
30.6 25 16.4 18.4 15 11.7 12.2 10 4.7 
Specific heat 
output, W/m 
209 136 136 209 136 136 209 136 136 
Panels’ heat 6.4 3.40 2.23 3.84 2.04 1.59 2.55 1.36 0.64 
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output, kW 
Flow to the 
panels, l/s 
0.076 0.040 0.026 0.046 0.024 0.019 0.030 0.016 0.007 
Flow in the 
pipe part 
before panel, 
l/s 
0.076 0.116 0.142 0.046 0.07 0.089 0.03 0.046 0.053 
Calculated 
diameter, 
mm 
24.66 30.46 33.7 19.18 23.66 26.68 15.5 19.18 20.6 
Average 
diameter, 
mm 
29.6 23.1 18.4 
Chosen di-
ameter, mm 
40x4 32x3 25x2.5 
€/m 14.29 7.19 4.74 
Pipes length, 
m 
37 150 153 
Total price, 
€ 
528.73 1078.5 725.22 
 
 Therefore, the approximate price of piping is 4665 €. Including 40% of the fitting 
costs we get 6531 € of total piping costs. Therefore, total price of radiant ceiling pan-
els system is 37702 €.               
             
6.4 Installation costs 
 
As for the installation costs, when making the budget for new construction they are 
calculated in accordance with Territorial Unit Costs /43/ and for heat emitters they 
depend not on the number of emitters, but on the total installed power (the unit is 100 
kW), so for the both systems the costs will be approximately equal as the installed 
power is almost equal. For convectors it will be about 140 € and for radiant panels 
about 110 €. 
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The main difference will be in piping installation costs as the pipes length and diame-
ters are different for each case. In case of the system with convectors it is 715 m and 
for radiant panels total pipes length is 340 m. According to the Territorial Unit Costs 
/44/ in the first case (convectors) costs for piping itself will be 1980 € and in the se-
cond case (radiant panels) it will be about 1000 €. Also costs for additional piping 
equipment such as flanges, stop valves, connections are already considered in the 
TUC and the longer the pipe the higher these costs will be.       
 
6.5 Analysis of cost caclulation results  
 
Combined results of cost calculations are presented in table 5. 
 
TABLE 5. Comparison of two heating systems’ costs  
 
Costs, € In-floor convectors 
Radiat ceiling 
panels 
Manufacturer Purmo Itermic Zehnder 
Equipment 29992 21408 31171 
Piping 4745 4745 6531 
Installation 2120 2120 1110 
Total 36857 28273 38812 
 
It can be seen from the table, that in case of  Itermic convectors the total price of the 
system is 27% less than the price of radiant heating panels system, but in case of 
Purmo it is 5% less, which is not crucial and as the calculations are approximate, these 
costs might be considered equal. More precise design may decrease piping costs and 
make the differene smaller. 
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7  DISCUSSION AND CONCLUSION   
 
Even though the results of cost estimation are quite approximate they still can show 
that difference between costs of the heating system with in-floor convectors or with 
radiant ceiling panels isn’t big enough to talk about significant money saving in case 
of using in-floor convectors. 
 
The results of the study show that radiant heating panels might be a good competitive 
alternative to the in-floor convectors. This technology is a way better in terms of in-
door climate conditions as it creates even temperature distribution, allows lower air 
temperature in the room than convective heating for the same resulting mean radiant 
temperature, doesn’t create air flows which may cause draught or carry the dust 
around. Radiation heat is not dissipated on the way to the object and it is perceived by 
occupants as more pleasant type of heat. Irradiation asymmetry might be lowered if 
using enclosing structures with low U-value (which is also important for reducing heat 
losses and preveting condensation on the inner cold surface).  
 
The possibility of zonal approach is also a benefit while designing heating system for 
a building with open plan of the space and transparent facades. It allows delivering 
more heat to the marginal zone near glass walls and to control heat delivery to the 
spaces as desired if, for example, a part of the space is rented and walled in. 
 
From the technical point of view radiant heating requires the water of lower tempera-
ture than convective heating and the equipment might also be used for cooling if it is 
envisaged in the project. Therefore it reduces costs for additional cooling equipment. 
Also operational costs for radiant heating are lower thus it doesn’t include cleaning 
costs.  
 
Combining all the results of study it can be said that when designing heating system 
for large open plan buildings with transparent facade system traditional designing ap-
proach should be reconsidered. It is reasonable to give up on the use of common cal-
culation patterns and choice of equipment and to apply newly developed approaches 
as they are proving to be more energy-efficient, creating much better conditions and to 
be as cost-efficient as the common ones.  
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Of course, each project is unique and it requires precise calculations and thoughtful 
design, so there might be cases where convectors or combination of two systems can 
be more reasonable choice. But it doesn’t mean that engineers shoudn’t think over all 
the opportunities and variants. For most of the common cases if on the design stage 
calculations are made properly and all crucial factors are taken into account, radiant 
heating systems may become a much more better choice for open plan office buildings 
with transparent facade systems.  
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Appendix 1. 
TABLE 1. Heat loss calculations 
 
 
Room
 num
ber 
Room
 nam
e and tin , ˚С 
Building envelope structures 
D
esign tem
perature difference,  
(tin -tout ), ˚С 
Basic heat losses  
Q
0 , W
 
Additional 
coefficient 
β Coefficient (1+
Ʃ
β) 
H
eat losses through building 
envelope Q
env , W
 
Heat losses 
N
am
e 
O
rientation 
D
im
ensions a·b, m
 
A
rea А
, m
² 
H
eat transfer  
coefficient К, W
/m
²·К  
O
rientation 
O
ther 
Infiltration  
Q
i , W
 
Total Q
tot , W
 
1 Office, 20 Transparent facade N 42x3.9 163.8 1.29 44 9508.6 0.1 0.05 1.15 10691.9 6388.2 17080.1 
  
Transparent 
facade E 30x3.9 117 1.29 44 6791.8 0.1 0.05 1.15 7637 4563 12200 
  
Transparent 
facade S 42x3.9 163.8 1.29 44 9508.6 0 0.05 1.05 9762.1 6388.2 16150.3 
  
Transparent 
facade W 30x3.9 117 1.29 44 6791.8 0.05 0.05 1.1 7305 4563 11868 
Appendix 2. 
Layout of the heating system with in-floor convectors 
TABLE 1. eat loss calculation tabl
Appendix 3. 
Layout of the heating system with radiant ceiling panels 
 
